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Summary 
Simulation studies for an area of rainforest in north Queensland indicate 
that selection harvesting can provide a viable timber harvest in 
perpetuity. Rainforests are complex in terms of species composition, tree 
age and size distribution, and topography. Efficient inventory procedures 
to overcome these special difficulties are described. The growth model 
employed in the calculations is dynamic, responding to changes in stand 
density, composition and management history. A harvesting simulator 
ensures reliable prediction of removals by selection logging, and predicts 
the effect on the residual stand. Yield calculations employed yield 
scheduling, a simulation approach which mimics the timing and location 
of logging operations. It produces a logging plan and a profile of 
predicted yields. The study area of 13 000 hectares sustained a yield of 4 
900 cubic metres per annum throughout the 500 year simulation, 
indicating that selection logging is sustainable in north Queensland rain 
forests. 
Introduction 
At the last IFA conference, Tom Just (1987) described the management of the rainforests of north 
Queensland. Since then, the Wet Tropics has been inscribed on the list of World Heritage Properties, 
and this has altered management proposals for the area. The Federal Government has moved to exclude 
timber harvesting from the area, as it apparently contends that timber harvesting is not sustainable and 
is inconsistent with the maintenance of World Heritage values. 
The Queensland State Government and the Federal Government have both released draft 
management proposals for the region which emphasise the need for balanced conservation and 
economic strategies, but implementation details have not yet been released. The effect of selection 
harvesting on conservation values is beyond the scope of this paper, which addresses itself primarily to 
the issue of the sustainability of timber harvesting in the region. 
Many conservationists claim that timber harvesting in rainforest is not sustainable. Certainly there 
are many examples from other countries where indiscriminate logging has occurred, often preceding 
clearing for agriculture or heading to serious land degradation. In contrast, timber harvesting operations 
in north Queensland have been closely supervised by trained Departmental staff and follow 
conservative silvicultural practices defined in treemarking guidelines (Preston and Vanclay 1988) and 
in conditions which limit road and track construction for timber harvesting and extraction (Qld Dep. 
For. 1983). 
There is no evidence to suggest that such logging leads to a loss of species. Research indicates that 
species may be lost from undisturbed rainforest and that there are strong indications that disturbance is 
necessary to maintain species richness (Nicholson et al. 1988). Logging is as effective as natural distur-
bance in maintaining this diversity. 
 Previous sustained yield calculations for north Queensland (Preston and Vanclay 1988) are obsolete 
due to changes in the area zoned for logging, alterations to the logging guidelines, and improvements 
in modelling techniques. 
The present study makes no attempt to determine the sustainable yield for the whole region. Rather, 
a project area has been selected to demonstrate that selection logging is sustainable. The area selected 
for this investigation includes hinterland tropical rainforest in the vicinity of Koombooloomba Dam, in 
the headwaters of the Tully River (Figure 1). As this study area lies within the Wet Tropics World 
Heritage Area, it is not clear whether the area will again be logged as part of commercial logging 
operations. 
Calculation of the sustainable yield 
The process of yield forecasting comprises three major stages. The long term average yield is first 
calculated to give a sound perspective of the future resource position. This provides the basis for 
determination of an allowable cut. 
Calculation of the sustainable yield entails several basic operations: 
a. The area of forest capable of producing timber is determined. Forest subject to special management 
(eg. Scientific Areas, buffer strips along creeks), and inaccessible or unproductive forest is 
excluded. 
b. A detailed description of the existing forest is prepared from inventory which entails the meas-
urement of temporary plots and recording the species, size and merchantability of each tree within 
the plot. 
c. The future condition (number, size and merchantability of trees) of each inventory plot is predicted 
by simulating the growth (diameter increment, mortality and recruitment) of the forest over time. 
d. At selected intervals, a timber harvest is simulated to indicate which stems would be removed in 
logging, and to predict mortality to the residual stand arising from felling and snigging damage. 
e. The anticipated harvest volume is then calculated using volume equations. 
f. The growth and harvesting of each inventory plot is simulated over a long period to ensure the 
continuity of future timber harvests. 
This procedure provides an estimate of the timber yield which can be sustained under the specified 
management regime and assumed economic conditions. Timber harvesting can be sustained at any 
level not exceeding this yield. 
Area estimates 
Area estimates are an essential ingredient of the resource forecast, and due account must be taken of 
unproductive land such as rock outcrops, stream buffers, and other areas which cannot be logged. 
Previous calculations (Preston and Vanclay 1988) employed a computerized area information system 
based on the New South Wales FORINS System (Hoschke and Squire 1978). 
The present calculation employs data derived from a GIS (Preston et a1.1989) which was compiled 
to assist in planning and management of the Wet Tropics region. The GIS is a vector-based system 
(ESRI Arc/Info) and includes both anthropogenic and environmental information, mostly captured at 
1:50 000 scale. This system was used to calculate the gross productive area utilized for timber 
production within the study area (Table 1). 
Data were digitized primarily from timber management maps and include tenure, management 
intention, logging history etc. These maps were prepared by field staff during 1978 to 1980 using 
historical timber sales records dating back to the mid 1950s, and have been regularly updated. Where 
no records were available, estimates of accessibility and productivity were prepared from interpretation 
of 1:25 000 scale aerial photographs. 
The GIS was used to stratify on geology, bioclimatic zone (Nix pers comm), logging and treatment 
history, and subcatchment. Islands of rainforest less than 10 hectares were ignored. Fragments less than 
10 hectares were amalgamated with adjoining strata. The GIS computed the gross productive area 
within each such stratum. 
Not all of the timber production area provides an accessible timber harvest - it may include small 
fragments of inaccessible or unproductive land too small to show on maps and too small to be detected 
with remote sensing. Accordingly, a netting factor is used to reduce the gross productive area to a net 
productive area which will be used in the calculations. 
Preston and Vanclay (1988) identified two components comprising the netting factor. One indicated 
the probability that any plot would be accessible to logging equipment, the other indicated the 
availability of trees on accessible plots. Statistical analyses indicate a strong correlation between 
topographic slope and plot accessibility, and this relationship was used to predict the proportion of 
each stratum accessible for logging. Preston and Vanclay (1988) reported that 95.6 percent of trees on 
accessible plots were available for harvesting, and this coefficient has been used to account for stream 
buffers, etc. 
 
TABLE 1. Rainforest Areas by Sub-catchment 
Sub-catchment  Rainforest 
Area 
(ha) 
Timber Production 
Area (ha) 
Nett Productive 
Area (ha) 
Campbell  1927 1334 1216 
Carpenter  824 433 394 
Costigan  1408 1185 1072 
Culpa  2839 2301 2112 
Goddard  999 567 520 
Koombooloomba  1744 1409 1280 
Luff  1558 1127 1029 
Niblet  1129 787 719 
Nitchaga  1925 1210 1097 
O'Leary  1768 1699 1556 
Sylvania  2475 2101 1918 
Total  18596 14153 12913 
Proportion  100% 76% 69% 
Inventory 
Thirty six inventory plots established during the period 1981 to 1988 were used in the current 
calculation. Three different types of plots have been employed over this period. During the period 1981 
to 1983, clusters of ten point samples were employed, in which an optical wedge with a basal area 
factor (BAF) of 10 square metres per hectare was used, and all stems exceeding 3 cm diameter (at 
breast height or above buttress, over bark) were measured. During 1984, fixed area plots were 
favoured. All stems exceeding 30 cm diameter were sampled on a half hectare plot, and stems 
exceeding 20 cm diameter were sampled on a 0.125 ha sub-sample. Since 1985, plots were established 
using a new approach. These plots sampled all stems exceeding 40 cm diameter over one hectare, and 
used four point samples (BAF 2.3 sq m/ha) to sample stems 3 to 40 cm diameter. These plots are 
preferred by field staff, who feel that these provide a better indication of the anticipated harvest. 
There is no compelling statistical advantage in the use of any of these types of plot in preference to 
the others for description of the current stand or to provide forecasts. For quantifying the existing stand, 
there is some advantage in having a large heterogeneous plot to minimize between plot variation. 
Conversely, for simulation studies, a small homogeneous plot is more appropriate. In practice, cost 
factors and the preference of field staff are of greater consequence. 
Table 2 indicates the average stand table for the study area. Tree sizes are reported as at the time of 
inventory, and no growth has been simulated. The strong reverse-J size distribution of trees is evident. 
This is an average stand table, and may not be representative of the forest at any particular location. 
Inventory plots in the study area have recorded ten to forty tree "species" per plot. The actual number 
of true species may be higher, as inventory employs the standard trade name rather than the correct 
taxonomy, and trade names may apply to more than one species. Some species have neither trade nor 
common names, and these are simply grouped as miscellaneous. A total of 135 "species" have been 
recorded on inventory plots within the study area. 
 
TABLE 2. Stand Table at time of Inventory (ranked by stems 40+) 
Size Class (cm dbhob or above buttress) Standard Trade Name Specific Name Harvest 
Group 20-
39 
40-49 50-59 60-69 70-79 80-89 90-99 100+ 
Total
40+
yellow walnut 
silver ash 
Beilschmedia bancroftii 
Flindersia bourjotiana 
C 
A-3 
3.9 
24.3 
1.8 
2.9 
2.9 
2.3 
1.3 
0.7 
0.5 
0.4 
0.2 
0.0 
0.1 
0.0 
0.1 
0.0 
6.9 
6.2 
northern silky oak 
tulip stericulia 
maple silkwood 
hickory boxwood 
Mackintyre's boxwood 
Kuranda satinash 
rolypoly, satinash 
ivory walnut 
grey satinash 
ivory laurel 
rose alder 
hand quandong 
northern quandong 
Queensland maple 
pink alder 
Cardwellia sublimis 
Franciscodendron laurifolium † 
Flindersia pimenteliana 
Planchonella euphlebia 
Xanthophyllum octandrum 
Syzygium kuranda 
Syzyguim endophloium † 
Beilschmiedia oligandra † 
Syzygium gustavioides † 
Cryptocarya angulata 
Caldcluvia australiensis 
Elaeocarpus sericopetalus 
Elaeocarpus foveolatus 
Flindersia brayleyana 
Gillbeca adenopetala 
A-2 
-- 
A-2 
N 
N 
C 
-- 
-- 
C 
-- 
C 
D-2 
D-2 
A-2 
-- 
4.5 
13.1 
13.9 
7.4 
15.2 
4.3 
2.0 
3.7 
0.6 
1.9 
0.9 
2.4 
7.4 
0.8 
6.0 
1.8 
2.4 
1.5 
0.8 
1.4 
1.5 
0.8 
1.3 
0.6 
1.6 
0.8 
1.1 
1.5 
1.0 
1.1 
1.9 
1.2 
0.9 
1.8 
0.9 
0.6 
0.7 
0.2 
0.4 
0.3 
0.7 
0.6 
0.2 
0.2 
0.3 
0.3 
0.5 
0.6 
0.1 
0.1 
0.2 
0.2 
0.3 
0.5 
0.1 
0.4 
0.1 
0.0 
0.1 
0.0 
02 
0.1 
0.5 
0.4 
0.2 
0.1 
0.3 
0.2 
0.2 
0.0 
0.1 
0.0 
0.0 
0 1 
0.0 
0.3 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 1 
0.0 
0.0 
0.0 
02 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.6 
4.2 
3.7 
3.3 
2.6 
2.5 
2.2 
2.0 
2.0 
2.0 
1.9 
1.8 
1.7 
1.6 
1.6 
white Eungella satinash Syzygium wesa C 0.5 0.4 0.1 0.0 0.0 0.2 0.3 0.5 1.5 
blush alder 
Miscellaneous 
Others 
Total 
Sloanea australis D-1 
-- 
0.3 
57.8 
100.0 
270.9 
0.6 
2.8 
14.7 
42.5 
0.7 
1.0 
6.0 
23.7 
0.1 
0.2 
2.4 
7.9 
0.0 
0.0 
1.1 
4.4 
0.0 
0.1 
0.9 
2.4 
0.0 
0.0 
0.3 
1.1 
0.0 
0.1 
0.1 
12 
- 
1.5 
4.3 
25.5 
83.4 
† As the trade name for this species applies to more than one species, other related species may be included in this category. 
Growth model 
An integral part of yield forecasting is growth prediction. Growth models for plantations and for 
monospecific forests have become sophisticated and highly accurate. Rainforests comprise hundreds of 
species, posing a much more difficult challenge. Notwithstanding this, a dynamic growth model for 
rainforests has been developed and was used in the present study. The model is an enhanced version of 
one described by Vanclay (1988b, 1989a) and the data upon which it is based is summarized in Rain 
Forest Research in North Queensland (Qld Dep. For. 1983). 
There are four components of growth and change which must be predicted. The growth in diameter 
and change in merchantability of individual trees must be simulated. The deaths of trees needs to be 
modelled, and recruitment of new trees into the stand fraction exceeding 10 cm dbh has to be 
estimated. The growth model has functions for diameter increment, tree deterioration and mortality, 
and recruitment of new trees into the stand. Each of these functions takes into account the site quality, 
the soil parent material, the stand composition and density, and the size of the individual trees. Site 
quality, expressed as a growth index in the range 0-10, is determined by inference from the soil parent 
material and the presence or absence of several indicator species on the plot (Vanclay 1989b equation 
10). 
It is impractical to develop individual functions for each of the several hundred tree species 
represented in north Queensland rainforests. Accordingly, species were grouped to enable more 
efficient estimation of prediction functions. 
The growth functions employed in the model were fitted to the data using linear regression to ensure 
that estimates are unbiassed (Vanclay 1991a). Growth data from 63 000 re-measurements on 28 000 in-
dividual trees of 237 recognised species were used to develop diameter increment functions. Data were 
aggregated into 41 groups to provide a parsimonious model. These equations (Figure 2) predict 
diameter increment from tree diameter, site quality, stand basal area and the basal area greater than the 
subject tree (i.e. if a tree is the biggest in the stand, it grows faster than a similar-sized tree but which 
has bigger neighbours). 
The groups formed for predicting diameter increment do not provide a good basis for predicting 
mortality. A similar analysis of mortality patterns led to the formation of 11 groups for the prediction of 
mortality. The resulting equations predict the probability of any tree dying in any year, given its species 
and dbh, and the site quality and basal area. 
Not all the trees assessed as merchantable at the time of inventory will remain merchantable until 
harvested; some will deteriorate and become unmerchantable. Although the annual amount of 
deterioration is very small, it becomes significant over a 40 year cutting cycle, and should be accounted 
for in the growth model and yield forecasts. An analysis of 44000 observations on the merchantability 
of individual trees indicated that deterioration could be predicted from tree size, stand basal area, time 
since logging and soil type (Vanclay 1991b). 
One of the most difficult aspects of modelling forest growth and yield is the forecasting of 
regeneration. Because of high mortality amongst seedlings, difficulty of identification and high cost of 
measurement, inventory data usually only assess the larger trees (those exceeding 10 cm dbh), and the 
growth model simulates only the growth of this fraction. It is possible to model the growth of smaller 
stems, but data are scarce and this would add unnecessary complexity to the model. Thus the present 
model predicts the recruitment of stems at 10 cm dbh (viz. those stems attaining 10 cm dbh or more in 
any year). 
In contrast to the relatively steady growth of individual trees, regeneration tends to be sporadic, with 
little or no regeneration for several years, and often large amounts in those years in which it does occur. 
Such data violate assumptions inherent in regression analysis. To overcome these problems, it is 
expedient to predict from independent equations the probability of recruitment of any species occurring 
in any year, and the amount given that it is known to occur. The permanent sample plot database 
provided sufficient data to enable the analysis of recruitment of 100 species which were grouped into 6 
groups for the prediction of probability, and 12 groups for the prediction of amount of regeneration. 
  
Figure 2. Diameter Increment Functions (under typical conditions) 
Harvesting model 
Prior to logging, trees thought capable of producing a merchantable log are marked for removal in 
accordance with Departmental guidelines (Preston and Vanclay 1988). When felled, some stems reveal 
defects not evident when the tree was standing. Depending on the amount of this defect, the log may be 
classified as compulsory or non-compulsory. In addition, some species are non-compulsory. As only 
compulsory timber is debited to the sawmill allocation, the sustained yield is calculated for compulsory 
timber only. 
The harvesting model therefore comprises three essential components: the logging rule which 
indicates stems to be removed in logging, an allowance to predict the compulsory proportion of the 
logged stems; and a damage function which predicts mortality caused by felling and snigging 
operations. 
To simulate harvesting, species were grouped into nine harvest groups as dictated by the treemarking 
guidelines (Table 3). Two diameters may influence whether a tree is selected for harvesting. Trees 
smaller than the cutting diameter may be removed only if they exceed 40 cm diameter and can be 
expected to die prior to the next logging. Stems above the cutting diameter and up to the retention 
diameter will generally be removed unless they have exceptional form and vigour. Stems exceeding the 
retention diameter are marked for logging, unless required as a seed tree. 
TABLE 3. Harvest Groups 
Treemarking 
Class 
Typical Species Cutting 
Diameter 
Retention 
Diameter 
A-1 Endiandra palmerstonii Queensland walnut 100 100 
A-2 Flindersia brayleyana Queensland maple 80 100 
A-3 Flindersia bourjotiana silver ash 70 90 
B Argyrondendron peralatum  red tulip oak 70 90 
C Beilschmedia bancroftii yellow walnut 60 80 
D-1 Sphalmium racemosum buff silky oak 60 60 
D-2 Elaeocarpus sericopetalum  hard quandong 50 50 
HWD Eucalyptus torrelliana cadaga 70 90 
Non-compulsory Alleurites moluccana candlenut -- -- 
-- Non-commercial  -- -- 
 Inventory data included an assessment of whether each tree would be logged or retained in 
harvesting (visual thinning), and were used to develop a prediction equation for treemarking. Logistic 
regression using the method of maximum likelihood was used to derive equations for each group 
(Vanclay 1989c). These equations allow the probability that a tree would be marked to be predicted 
from its diameter and the time since last logging, and are illustrated in Figure 3. The standing 
merchantable basal area was significant only for the non-compulsory species and predicts more inten-
sive harvesting of non-compulsory species in low-yielding stands. This is logical, as yield per hectare is 
one of the limiting economic factors of rainforest logging. Soil type and site quality had no apparent 
effect on treemarking. 
  
Figure 3. Logging Rule 
Prediction functions for defect and logging damage were developed from a series of logging damage 
studies on nine rainforest sites sampled before and after logging. The probability that a tree marked for 
logging will prove, after felling, to be so defective as to render it non-compulsory, can be predicted 
from its size. The incidence of damage depends on the topographic slope of the site, and the proportion 
of the stand basal area removed in logging. Equations predict the probability that a tree will be 
destroyed in logging from the basal area removed, the slope, and the size of the residual trees. 
Reliable rainforest volume equations are available in the form of two-way equations which predict 
log volume from tree diameter and log length (Vanclay et al. 1987). However, since forecasting future 
log lengths is unnecessarily complex and inaccurate, oneway equations predicting log volume from 
diameter are required. The volume predicted is gross log volume, comprising the under bark volume of 
logs after defective sections have been trimmed off, but including any internal defects within the log 
(pipe, etc). Data were obtained from many logging operations over several years, and comprise dbh 
measurements for each tree and log length and centre diameters for each log in each tree. Log volumes 
were estimated using Huber's formula, and equations for individual species and species groups were 
derived using linear regression (Henry 1989). 
Yield forecasts 
The sustained yield may be estimated using any of several approaches which vary in technical 
complexity and in assumptions made. Perhaps the most simplistic estimate can be derived from the 
yields obtained in logging, dividing this by the nominal cutting cycle (40 years) and multiplying by the 
nett productive area. An estimate of logging yields may be derived from the inventory data, but it is 
essential to select only appropriate plots. Of the 36 plots, only 18 were last logged prior to 1955 and 
were "visually thinned" at time of inventory. These plots indicate that a yield of 22 cu m/ha (s.e. 72%) 
can be expected, suggesting a sustainable yield of 7 100 cu m/ann. Assumptions inherent in this 
approach are that the 40 year cycle is valid, that there will be no decline in growing stock or logging 
yields, and that these inventory data provide a reasonable sample of the area proposed for logging. 
An alternative simple approach, which overcomes the assumption of the 40 year logging cycle, uses 
the mean annual volume increment observed on permanent sample plots. Rainforest Research in North 
Queensland (Qld Dep. For. 1983) reports that the volume increment of commercial species is 0.64 cu 
m/ha/ann (s.e. 37%) derived from 30 plots, all previously logged and with a measurement history of 18 
years. This suggests a sustained yield of 8 300 cu m/ann. This estimate assumes that the sample is 
representative and that there will be no change in the growing stock over the area proposed for logging. 
However, both these approaches assume that the whole of the nett productive area will be logged in 
each logging cycle. Experience indicates that this need not be the case. In practice, some areas may not 
yield an economic yield at each cycle, and may only be logged during alternate cycles. To take account 
of this factor, a more sophisticated procedure for yield forecasting is required. 
Cutting cycle analysis 
In order to examine the stability of logging yields over time, it is necessary to use a growth model to 
simulate the growth of the forest and impact of harvesting over several logging cycles. One long 
established and widely used approach is known as cutting cycle -analysis (McGrath and Carron 1966). 
In its most simple form, cutting cycle analysis may be an average stand table (showing numbers of 
trees in broad size classes) which is updated by simple average growth rates in each class. In this form, 
cutting cycle analysis can be performed as a "back of an envelope" calculation. 
Computers enable many enhancements to this basic approach, but the underlying assumptions 
remain. It is assumed that the actual timing of logging on any part of the forest estate cannot be 
predicted, so the whole forest is "grown" for half a cutting cycle before a harvest is simulated. In effect 
this simulates a harvest over the whole estate at the mid-point of cycle, rather than the harvest of small 
areas each year. The growth of the forest is then simulated for a full cycle (40 years) and the next 
harvest simulated at the mid-point of the second cycle. 
Thus cutting cycle analysis provides estimates of the long term average harvest, for a given cutting 
cycle length and a given logging prescription. If the successive predicted yields do not decline, it may 
be assumed that that level of harvesting is sustainable. Computational difficulties meant that early 
estimates derived from such analyses were usually confined to three cutting cycles. Furthermore, if the 
successive predicted harvests were not approximately equal, these were simply averaged to estimate the 
sustainable yield, rather than the more desirable but more expensive solution involving iterative 
alterations to the cutting cycle and/or harvesting prescription. 
Present computer facilities enable several enhancements. Not only can calculations be iteratively 
repeated until successive harvest predictions are equal, but other important enhancements can also be 
made. Rather than simulating the growth of the overall average stand, the growth model can simulate 
the growth of the individual plots, and yields can be averaged after the harvest is simulated. This both 
ensures more reliable predictions and enables the calculation of standard errors. 
A further important enhancement is the ability to vary the area logged during each cycle according to 
the expected yields. Thus the present calculation omitted areas for which the estimated harvest was less 
than 5 cu m/ha during any cycle. This reflects the economic operating limits prevailing prior to the 
recent listing of the Wet Tropics (Preston and Vanclay 1988). These areas were omitted only for one 
cycle, and were again considered for harvesting during the next cycle. 
Table 4 illustrates the results of cutting cycle analysis using a 40 year cycle and a limiting yield of 5 cu 
m/ha. As past logging has created a non-normal forest, it is not surprising that yields vary considerably 
over time. Merchantable volume exhibits greater changes than does average stand basal area. Yields 
become critical during the mid 23rd century when they approach current economic limits to harvesting. 
The sampling error (s.e.) reflects the error due to sampling, and takes no account of prediction errors 
which will initially be negligible but which increase with the duration of simulation. The sampling 
errors suggest that the logged forest will become more uniform. It should be noted that this reflects 
within stratum uniformity with respect to loggable volume. It does not necessarily reflect species 
diversity or the characteristics of the unlogged fragments of forest throughout the timber production. In 
practice, the patchwork effect of logging would tend to maintain the overall diversity. 
 
TABLE 4. Cutting Cycle Analysis Results 
 Overall Mean Characteristics of Predicted Harvestt 
Year BA 
40+ 
Vol over 
cutting dbh 
Yield 
(cu m/ha) 
s.e. Annual Cut 
(cu m/ann) 
2010 40 28 18.9 12% 6098 
2050 38 24 16.2 7% 5233 
2090 37 27 16.5 7% 5338 
2130 37 29 15.8 8% 5099 
2170 37 24 13.7 8% 4407 
2210 39 21 13.2 5% 4265 
2250 40 24 14.9 4% 4811 
2290 41 31 16.8 3% 5414 
2330 41 34 18.1 3% 5830 
2370 42 37 18.7 3% 6044 
The cutting cycle analysis indicates that selection logging can be sustained in the study area. 
However, it does not provide a good basis for setting an allowable cut to yield non-declining harvests. 
This analysis predicts high yields initially, with low yields during the 23 century, before higher yields 
are again forecast 
The major deficiency with the cutting cycle analysis is that it examines only the long-term average 
growth, and not the short term consequences. This is significant for a resource such as the rainforests of 
north Queensland, where until recently, harvests have been drawn primarily from previously unlogged 
stands with large trees and high standing volumes. In such a situation, it may well be that the short term 
implications are more serious than the long term implications of a particular harvesting plan on the 
resource. A more sensitive approach to modelling harvesting known as yield scheduling enables the 
examination of this situation. 
Yield scheduling 
Yield scheduling (Vanclay 1988a) attempts to simulate the growth of the forest, yields and impacts of 
harvesting, and the actual sequence of logging operations across the resource. Thus the resource is 
stratified into Management Units reflecting the size of typical sale areas and topographic and 
operational considerations. Each management unit is further stratified into homogeneous subunits, each 
fairly uniform with respect to growing conditions and logging history. 
Inventory data is obtained for each subunit. In many cases, recent inventory data were available for 
each subunit. However, data were unavailable for some subunits, and for these, plots were "borrowed" 
from other subunits which exhibited similar soil, climate and logging history. 
Yield scheduling ranks management units according to pre-selected criteria, chooses the unit with 
the highest rank, and simulates harvesting of those subunits within this management unit which meet 
the specified economic criteria. The time taken to harvest this unit is determined, all management units 
are "grown" accordingly, and the cycle is repeated until a sufficiently long forecast has been made. The 
present study ranked units according to the anticipated harvest (descending yield/hectare), so that of 
those areas proposed for logging, the more dense stands would be selected for harvesting first. This is 
silviculturally desirable, and reduces within stand competition. Other options examined included 
ranking by total stand basal area, and by time since last logging, but these led to a less tenable sequence 
of logging operations. 
Yield scheduling enables the user to specify several economic and environmental conditions. The 
present simulation was restricted to ensure that at least 20 years elapsed between successive harvests on 
any management unit. It also ensured that the harvested yield from any subunit never fell below 5 cu 
m/ha, that the average yield from any management unit always exceeded 12 cu m/ha. These 
are realistic conditions to impose, assuming operational conditions prior to the recent listing 
of the area. 
The sustained yield has often been estimated using cutting cycle analysis as the mean yield over 
three cycles. This estimate derived from the analysis above would be 5 556 cu m/ann (Table 4). Table 5 
examines, using yield scheduling, the consequences of such an allowable cut. 
 
TABLE 5. Yield Scheduling of 5556 cu m/ann 
Selected Management Unit and its harvest characteristics Overall 
Average 
Year 
BA Vol 
Management Unit Years since 
last logged 
Yield 
cu m/ha 
Times 
logged 
1990 40 24 Niblet 38 20.9 1 
1992 40 24 Nitchaga 40 18.4 1 
1996 40 23 Luff 24 19.8 1 
2000 40 22 O'Leary 23 18.9 1 
2005 39 22 Koombooloomba 48 20.7 1 
2010 39 21 Sylvania 58 17.6 1 
2016 39 20 Culpa 59 18.2 1 
2023 38 19 Carpenter 66 18.1 1 
2024 38 19 Costigan 52 17.9 1 
2027 38 19 Luff 31 19.1 2 
2031 38 18 Niblet 41 16.3 2 
2033 38 18 Campbell 71 16.3 1 
2037 38 18 Koombooloomba 32 18.0 2 
2041 38 18 O'Leary 41 17.4 2 
2046 37 18 Nitchaga 54 15.6 2 
2049 37 19 Goddard 92 15.3 1 
2050 37 19 Sylvania 40 14.3 2 
2055 37 20 Luff 28 16.7 3 
2058 37 20 Carpenter 35 16.3 2 
2059 37 20 Culpa 43 15.5 2 
2159 36 20 Nitchaga 26 12.1 5 
2161 36 19 Campbell 35 12.2 4 
2163 36 19 Goddard 24 12.3 4 
2163 36 19 Niblet 39 12.3 6 
2164 36 18 --    
 
The results for the first 70 years illustrate many of the advantages of yield scheduling. It is 
noteworthy that the management units exhibit very different "cutting cycle lengths". The more 
productive management units may be logged as frequently as every 30 years (eg. Luff), whereas the 
less productive areas may be logged only once every 90 years (eg. Goddard).  
Further analyses suggest that 5 556 cu m/ann cannot be sustained, and that after 175 years no 
management unit will carry an economically viable harvest (exceeding 12 cu m/ha). However this does 
not imply that an appropriate level of harvesting cannot be sustained. Yield scheduling does not offer 
an instant estimate of the maximum sustainable yield, but an appropriate allowable cut can be 
determined by trial and error. 
 
TABLE 6. Yield Scheduling of 4900 cu m/ann 
Overall Mean Mean harvest characteristics from 10 successive MUs Year 
BA 
40+ 
Vol over 
cutting dbh 
Predicted 
(cu m/ha) 
Yield 
s.e. 
ASV 
(cu m) 
Size Dist % 
-60-100- 
Cabinet 
Volume 
Major Species 
Code† and % 
1990 
2037 
2077 
2119 
2166 
2201 
2231 
2253 
2290 
2330 
2383 
2435 
2494 
40 
38 
37 
36 
36 
37 
38 
39 
40 
40 
41 
42 
42 
24 
20 
25 
29 
23 
18 
19 
21 
26 
30 
36 
39 
41 
18.9 
18.0 
18.8 
17.5 
14.7 
13.4 
13.3 
14.4 
17.3 
20.1 
21.9 
24.1 
13% 
3% 
8% 
8% 
8% 
6% 
4% 
4% 
3% 
3% 
4% 
3% 
2.9 
2.8 
3.0 
3.0 
2.8 
2.7 
2.7 
2.8 
2.8 
2.8 
2.9 
3.0 
10:75:14 
10:87: 3 
8:90: 2 
8:90: 2 
11:86: 3 
13:84: 2 
13:85: 1 
13:86: 1 
14:86: 1 
12:87: 1 
11:88: 1 
10:86: 3 
30% 
34% 
40% 
42% 
43% 
52% 
57% 
54% 
56% 
51% 
52% 
51% 
YWN 21 
QSA 22 
QSA 21 
QSA 20 
MSW 17 
MSW 21 
MSW 22 
QMP 22 
QMP 23 
QMP 20 
QMP 21 
QMP 18 
MSW 13 
MSW 14 
MSW 16 
MSW 17 
NSO 17 
NSO 16 
QMP 21 
MSW 19 
MSW 19 
MSW 17 
MSW 16 
NSO 16 
†  MSW maple silkwood Flindersia pimenteliana;  NSO northern silky oak Cardwellia sublimes; 
QMP Queensland maple Flindersia brayleana;  QSA Queensland silver ash Flindersia bourjotiana; 
YWN yellow walnut Beilschmedia bancroftii 
 
Table 6 illustrates that an appropriate cut would be 4 900 cu m/ann which can be sustained for more 
than 500 years. This is apparently the highest yield which can be sustained without more intensive 
management practices such as silvicultural treatment. The forest appears to be quite sensitive to 
harvesting intensity. Table 6 suggests that yields resulting from harvesting 4 900 cu n-/ha do not fall 
below 13 cu m/ha (averaged over 10 management units, individual MUs approach 12), whereas a 
harvest of 4 950 cu m/ann cannot be sustained because yields fall below 12 cu m/ha after 250 years. 
The harvest characteristics given in Table 6 are similar to those obtained from cutting cycle analysis 
(Table 4). Yields reach near critical levels after 200 years but gradually recover to former levels after 
300 years. Table 6 indicates that the average stem size (ASV) of harvested trees can be maintained, that 
the harvest will become more uniform in size, and that cabinet timbers will comprise an increasing 
proportion of the harvest. Large trees (exceeding 100 cm dbh) of useful commercial species will 
become increasingly scarce in the logged areas, but large non-commercial trees will still be present. 
There may be some change in species composition, but it is unlikely that species will be lost from 
logged areas (Nicholson et a1.1988). 
Discussion 
These yield forecasts differ from previous calculations because of the additional data which has 
become available, changes in the treemarking guidelines, and because of the more sophisticated 
techniques employed. Specifically: 
• The areas proposed for logging have altered in response to recent land use planning studies in the 
region. Area estimates derived from GIS are more precise than those obtained from the FORINS-
type system. The GIS also facilitated better stratification of the resource. 
• Additional inventory data and a more objective method of site assessment were employed. 
• A more sophisticated growth model was used, which retained the individual species identity of all 
trees. New diameter increment, mortality and recruitment functions were used. The deterioration 
of merchantable stems over time was also modelled. 
• A harvesting model was used to give better predictions of removals, defect and logging damage. 
• New volume equations, specific to each species, were used. 
• Both yield scheduling and cutting cycle analysis were used to ensure the sustainability of yields. 
There is no substitute for long computer simulations in estimating the sustainable yield. The 
expectation from visually thinned inventory data using an assumed logging cycle length can be quite 
misleading (eg. 7 100 cu m/ann). Similarly, estimates of periodic annual volume increment from 
permanent sample plots can be misleading (eg. 8 300 cu m/ann) unless weighted for site quality and 
species composition to represent the whole estate. 
Cutting cycle analysis gives a better indication of sustainable yields, but only if results are averaged 
over several cycles. However, it too gives a biassed estimate, presumable because of the "head start" 
the resource gets during the first half cycle with no simulated logging. This head start consistently 
results in higher yields in the first cycle, which result in a greater bias if Yield estimates are prepared 
from few cycles (5 556 cu m/ann from 3 cycles). Only yield scheduling can correctly indicate both the 
short and long term consequences of harvesting a given allowable cut. 
Conclusion 
This study indicates that the sustainable yield for the study area (13 000 ha) within part of the Tully 
River catchment is about 4 900 cu m/ann. Long computer simulations indicate that this yield would be 
available in perpetuity. Continued selection logging in part of the World Heritage area could provide an 
important and successful example of balanced and sustained resource use in wet tropical forests. 
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